Introduction
Trauma constitutes a major global cause of childhood morbidity and mortality [7] . Children are more susceptible to multi-organ injury from abdominal trauma due to their larger surface area to volume ratio, reduced muscle mass and fat in the abdominal wall, and greater thoracic cage compliance versus adults [7] . Pancreatic injuries comprise 3-12% of cases of blunt abdominal trauma among children [8] . According to guidelines from The American Association for the Surgery of Trauma (AAST), pancreatic injury https://doi.org/10.1016/j.tcr.2019.100241 Accepted 11 August 2019 classified as grade III or higher necessitates operative management due to involvement of the main pancreatic duct [6, 8] . Early surgery in cases of main pancreatic duct transection curbs local and systemic side effects of pancreatic secretion which follow [9] . The presence of concurrent injuries may also prompt surgical intervention [9, 10] .
AAST guidelines are not specific to paediatrics. Some studies support non-operative management for paediatric pancreatic injuries classified as grade III. A retrospective study from 1998 examined the role of non-operative management for pancreatic transections and contusions in children [11] . 28 of 35 paediatric pancreatic trauma cases treated over a 10-year period were treated non-operatively [11] . Fourteen of them had pancreatic contusion while 11 had pancreatic transection [11] . Enteral feedings were withheld and total parenteral nutrition was delivered until clinical, laboratory, and radiographic findings improved [11] . Surgical exploration was used for associated injuries [11] . Another retrospective study in 2008 described a role for non-operative management in blunt paediatric pancreatic injuries, but in this case only five patients suffered injury to the main pancreatic duct [12] . While these studies elucidate a role for non-operative management in paediatric patients with pancreatic contusion or transection, patients with concomitant injuries to surrounding organs benefit from definitive operative management.
We report a case of pancreatic transection and duodenal rupture which was treated with a PPPD. We review 2 retrospective studies, a meta-analysis, a prospective study, a comparative study, a review article, and three randomized controlled trials to compare operative outcomes for PRPD vs. PPPD [13] [14] [15] [16] [17] [18] [19] . We also explore the historical use of pancreaticoduodenectomies on paediatric trauma cases by reviewing two case reports and one case series [4, 5, 20] . There is also an analysis of 2 retrospective studies as well as a review article on indications for damage control surgery [21] [22] [23] . Finally, we examine a prospective and a retrospective study which explore general indications for pancreaticoduodenectomies in trauma patients [24, 25] . Most surgical cases utilize a traditional Whipple to treat periampullary tumors rather than abdominal trauma. Few paediatric trauma cases are managed with a PPPD, and most lack the long-term favourable outcome observed in our patient.
Case report
An 18-month-old male presented to the hospital as an unrestrained MVA victim. Prior to admission, he was in a semi-comatose state with decreased respirations and vomiting. He was transported to the hospital with cervical collar, long spine board, and nonrebreather mask with assisted respirations. Upon arrival, physical exam revealed an afebrile 18-month-old with the following paediatric vitals: blood pressure 95/70 mm Hg, pulse 132 beats per minute, respiratory rate 8 breaths per minute, and oxygen saturation 0.88. Altered mental status and decreased lower extremity tone were observed, and the Glasgow Coma Score was 8. ATLS was instituted. Admission labs demonstrated a blood glucose of 12.0 mmol/L, AST 9.64 μkat/L, haemoglobin 97 g/L, and urine dipstick revealed 2+ blood. The child was resuscitated prior to obtaining imaging. Head CT ruled out haemorrhage and abdominal CT confirmed free fluid in the abdomen. At this point, the child was haemodynamically stable and taken to surgery where a transected pancreas and ruptured duodenum were identified at exploratory laparotomy. The severity and extent of damage prompted the use of a pylorus-preserving Whipple variant to reconstruct and repair his injuries. This involved a partial pancreaticoduodenectomy with 1) pancreaticoduodenostomy, 2) cholecystojejunostomy, and 3) pyloric-sparing gastrojejunostomy (Figs. 1 and 2). A Jackson-Pratt drain and feeding tube were placed as well.
Post-operatively, he developed pancreatitis which resolved with antibiotics and supportive care. Insulin was used to control serum glucose. The Jackson-Pratt drain was removed once amylase and lipase levels normalized. The feeding tube was eventually removed once GI tract function returned, and he was discharged on the 25th post-operative day.
At a follow-up visit 20 years after the procedure, the patient reported no diabetes, jaundice, gallstones, or further hospitalizations, and he achieved a normal height (1.78 m) and weight (78.47 kg). He reported a mild intolerance to fatty foods. Childhood records indicate he was at or above the 50th percentile for height and weight.
Discussion
In 1918, surgical exploration for abdominal injuries became widely accepted as a mainstay of treatment [26] . However, nonoperative management became a stronger consideration in treating paediatric abdominal injuries in the 1990s based on a study from Toronto where a series of paediatric patients with splenic injuries were managed non-operatively [26] . Certain liver injuries were also found amenable to observation [26] . The advent of CT scanning brought about this evolution in treatment. The decision about whether or not to operate is driven by the type and extent of the injury in addition to patient stability [10, 26] .
Damage control surgery was described in the 1980s as an option for haemodynamically unstable abdominal trauma patients with severe exsanguinating injuries [21] . Patients who demonstrate the triad of coagulopathy, hypothermia, and acidosis in emergency situations are candidates for it [22] . It is accomplished by initial abbreviated laparotomy, correction of abnormal physiological parameters, and later definitive injury repair during a second operation [21] . A 3 ½ year retrospective study evaluated the medical records of 46 patients who suffered penetrating abdominal trauma which necessitated laparotomy and urgent transfusion of over 10 units of packed red blood cells [22] . A subset of 22 patients who had major vascular injury plus at least two visceral injuries showed improved survival when managed with damage control surgery [22] . Definitive laparotomy was preferable to damage control surgery in our case because ATLS was successful and haemodynamic stability was restored prior to the patient's arrival in the operating room. A PPPD facilitated an optimal recovery in our case by addressing each of the patient's various injuries simultaneously.
A retrospective study conducted from 1996 to 2010 represents one of the largest series of patients managed with damage control surgery or staged-Whipple for complex pancreaticoduodenal trauma [23] . Of 15 patients who had a pancreaticoduodenectomy, 12
had damage control surgery ± the initial stage of Whipple resection as a first operation, and 3 had a complete standard Whipple as a first operation [23] . Thirteen patients demonstrated the coagulopathy-hypothermia-acidosis triad at first operation [23] . There were no statistically significant differences in complication rates between damage control surgery and pancreaticoduodenectomy [23] . This study confirms damage control surgery allows time to resolve the hypothermia-coagulopathy-acidosis triad. In addition, it leads to a reduction in bowel oedema and allows an initially transected bile duct to dilate and facilitate a staged reconstruction process [23] . Our patient did not present with this lethal triad and thus was a candidate for definitive operative management following stabilization by ATLS. In 1943, Dr. Watson performed the first pylorus-preserving Whipple two years following the first traditional Whipple [27] . This modified procedure gained more public attention by Traverso and Longmire in the 1970s [13] . These surgeons consistently left the distal stomach and pylorus intact and subsequently restored continuity via duodenojejunostomy [13] . They reasoned a pyloruspreserving Whipple would optimize outcomes by promoting controlled release of gastric contents, avoiding dumping syndrome, and maintaining more normal GI tract function [13] .More specifically, it was intended to reduce the incidence of early satiety, marginal ulceration, bile reflux gastritis, and diarrhea [16] .
A retrospective study, meta-analysis, and prospective study examined post-operative outcomes for PPPD vs. PRPD [13] [14] [15] . In all three studies, patients who underwent PPPD had a statistically significant decrease in operating time and blood loss compared to those who underwent PRPD [13] [14] [15] . The retrospective and prospective study showed the PPPD group had a reduced rate of delayed gastric emptying (DGE), and in the retrospective study this finding was statistically significant [13, 14] . The meta-analysis showed the PRPD group had a statistically significant reduction in rate of DGE which has historically been observed but with a need for further exploration [15, 16, 19] . No significant difference in morbidity was observed between PPPD and PRPD [13] [14] [15] .
It is suspected that sympathetic denervation of the antral and pyloric regions, coupled with relative devascularization from division of the right gastric vessels could explain DGE following PPPD [17] . This complication is transient when it occurs [16] . The PPPD is not associated with a diminished nutritional outcome [18] . Some studies show body weight and several nutritional parameters are improved with the PPPD compared to PRPD [16] . Preserving the pylorus does not lead to significant changes in the secretory/functional capacity of the upper GI tract [18] . Three randomized controlled trials comparing outcomes for PPPD vs. PRPD revealed no significant differences in quality of life in the weeks and months following surgery [19] . The PPPD group was superior to the PRPD group in one trial in the domains of appetite loss, nausea, vomiting, diarrhea, and weight gain [19] . While paediatric blunt abdominal trauma is common, pancreaticoduodenectomy is not normally used to manage it [20] . In fact, few PPPDs of the type used in this case have treated paediatric abdominal injuries without significant short and long term complications [4, 5] . One case report of a PPPD on a paediatric trauma patient described the need for five abdominal surgeries before discharge [4] . Another case report of a PPPD performed on a paediatric trauma patient involved a post-operative biloma, but no other complications [5] . A case series involving operative management of 51 paediatric pancreatic injuries was associated with several post-operative complications not experienced by our patient, including 11 pancreatic fistulas, 3 pseudocysts, and 4 deaths [20] .
Two studies launched in the early 1990s sought to determine indications for operative management of pancreaticoduodenal injuries. While their focus was not to compare outcomes for PPPD vs. PRPD, they facilitated operative decision-making among surgeons managing pancreaticoduodenal injuries.
A single-centre prospective study conducted over a 22-year period by Krige and his colleagues described indications for pancreaticoduodenectomy in trauma patients. Post-operative outcomes were examined for trauma patients suffering grade 5 injuries to the pancreas and duodenum [24] . Nineteen out of 426 patients who suffered pancreatic injuries were treated with some form of pancreaticoduodenectomy, 12 of which were PPPD and 7 of which were PRPD [24] .A PPPD was utilized unless the pylorus was found to be irretrievably damaged, thereby necessitating a PRPD. Pancreaticoduodenectomy survivors suffered complications of varying levels of severity [24] . The study concluded that a pancreaticoduodenectomy, whether it is a PPPD or PRPD, can benefit a small cohort of haemodynamically stable patients whose injuries to the pancreas and surrounding organs are otherwise non-reconstructable [24] . A retrospective study from 1992 to 2002 also defined indications for pancreaticoduodenectomy in trauma patients. In this study, 18 patients with complex injuries to the pancreas and duodenum necessitating pancreaticoduodenectomy were analyzed [25] . Their indications for pancreaticoduodenectomy included the following: massive uncontrollable retropancreatic haemorrhage, massive unreconstructable trauma to the pancreatic head/main pancreatic duct as well as intrapancreatic portion/distal common bile duct, and massive unreconstructable injury in general [25] . This study revealed that significant pancreaticoduodenal injuries that call for a pancreaticoduodenectomy often involve massive disruption of the duodenopancreatic complex [25] .
Another unique technical pearl involved use of the gallbladder for biliary reconstruction rather than the common bile duct. Attempting to anastomose a 2-3 mm common duct may lead to stricture and biliary cirrhosis, but the larger gallbladder conduit avoided this complication. In fact, in the 2014 study published by Krige and his colleagues, the gallbladder was used as a conduit for biliary enteric anastomosis when the bile duct measured under 3 mm and oedema precluded the use of a bile duct to jejunum anastomosis [24] .
Several risk factors place certain patients with complex pancreaticoduodenal injuries at higher risk for early or late mortality. Uncontrolled vascular injuries or major associated injuries can increase the risk of early mortality, while infection or multi-organ failure can lead to late mortality [24] . The surgical technique used to manage our patient's multiple injuries, coupled with the recognition and treatment of his post-operative pancreatitis, contributed to his good outcome.
Conclusion
While the Whipple has been historically used to manage periampullary cancers, we describe the use of a modified Whipple on a paediatric trauma patient [1] . Judicious use of PPPD over non-operative management or damage control surgery in a small cohort of haemodynamically stable patients is advantageous. Aggressive management with early surgery for these patients with severe trauma, which may involve transection and/or devascularization of the pancreas as well as surrounding organs, is advised to curb long-term sequelae [10] .
We believe preserving the pylorus led to our patient's long-term success because the PPPD is linked to good nutritional and functional status after the immediate post-operative period [14, 16] . Additional use of the gallbladder as a conduit avoided anastomotic biliary stricture. Future paediatric trauma studies could explore the natural progression of a patient's condition when operative management includes decompression of the biliary tree into the gallbladder. Future experiments could also track long-term effects of a PPPD on growth and development.
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